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Abstract
Objective—To determine whether a history of preconceptional dieting and restrained eating was
related to higher weight gains in pregnancy.
Design—Dieting practices were assessed among a prospective cohort of pregnant women using the
Revised Restraint Scale. Women were classified on three separate subscales as restrained eaters,
dieters, and weight cyclers.
Subjects—Participants included 1,223 women in the Pregnancy, Infection and Nutrition Study.
Main outcome measures—Total gestational weight gain and adequacy of weight gain (ratio of
observed/expected weight gain based on Institute of Medicine (IOM) recommendations).
Statistical analyses performed—Multiple linear regression was used to model the two weight
gain outcomes, while controlling for potential confounders including physical activity and weight
gain attitudes.
Results—There was a positive association between each subscale and total weight gain, as well as
adequacy of weight gain. Women classified as cyclers gained an average of 2 kg more than non-
cyclers, and showed higher observed/expected ratios by 0.2 units. Among restrained eaters and
dieters, there was a differential effect by BMI. With the exception of underweight women, all other
weight status women with a history of dieting or restrained eating gained more weight during
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pregnancy and had higher adequacy of weight gain ratios. In contrast, underweight women with a
history of restrained eating behaviors gained less weight compared to underweight women without
those behaviors.
Conclusions—Restrained eating behaviors were associated with weight gains above the IOM
recommendations for normal, overweight, and obese women, and weight gains below the
recommendations for underweight women. Excessive gestational weight gain is of concern given its
association with postpartum weight retention. The dietary restraint tool is useful for identifying
women who would benefit from nutritional counseling prior to or during pregnancy in regards to
achieving targeted weight gain recommendations.
Keywords
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Introduction
Concern over low birth weight and preterm birth led many to focus attention on determinants
of inadequate weight gain during pregnancy. However, with the rising prevalence of obesity
among women of childbearing age (1) and the high proportion of women who are gaining in
excess of recommendations during pregnancy (2–4), the paradigm has shifted to a focus on the
determinants of excessive weight gain during pregnancy.
Studies regarding the eating attitudes and dieting practices of women preconceptionally shed
some light on the relationship between dietary intakes and maternal weight gain. It appears
that women who diet habitually prior to becoming pregnant gain more weight during pregnancy
and regard themselves as less accountable for their weight while pregnant (5,6). Moreover,
Conway and colleagues (7) found that those who were classified as restrained eaters (those
who restricted their dietary intake or used other approaches for weight control) prior to
pregnancy tended to gain more weight than recommended during pregnancy compared to
unrestrained eaters, despite similarities in nutrient intakes (7). In the restrained group, energy
intakes did not increase from early to late pregnancy as it did among women in the unrestrained
group (7). These data suggest that repeated cycles of dieting and overeating may distort one’s
ability to perceive internal hunger and satiety clues (8). This loss of control, in combination
with the metabolic adaptations that occur among dieters, may be one of the reasons why
overweight and obese women are more likely to gain above the recommended levels.
In non-pregnant populations, the concept of restrained eating has yielded mixed results. Among
girls as young as 5 to 9 years old, restrained eaters showed significantly higher weight gains
(9). Among adults, the results have been less clear. Klesges et al. (10) found no relationship
between dietary restraint and weight gain among men or women, whereas Drapeau et al. (11)
found a positive association among women and a negative association among men. Still others
have found that restrained eating is associated with adiposity in normal-weight and not
overweight participants, but that it does not necessarily promote weight gain (12). Lowe &
Kral (13) observed that restrained eaters tended to increase their food intake when stressed and
they argued that restrained eating may actually be a “proxy risk factor” for susceptibility to
weight gain. Restrained eaters may be more susceptible because restrained eating behaviors
include periods of eating less along with periods of disinhibition (14). These successive cycles
of restrained and unrestrained eating may lead to more vulnerable weight cycles (15).
It is important to understand the factors that influence maternal weight gain so that proper
counseling before and during pregnancy can be given. The purpose of this study was to
determine whether a history of preconceptional dieting practices and restrained eating was
related to higher weight gains in pregnancy, and whether this differed by pregravid BMI status.
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It is expected that individuals who have experienced large weight fluctuations, dieting, and
restrained eating prior to pregnancy would gain more weight during pregnancy. Three studies
completed on this topic have been done in the United Kingdom and have been limited by small
samples sizes (5–7). This study involves a large cohort of pregnant women in the United States,
with a high percentage of women gaining in excess of recommendations. In addition, data were
collected on many potential confounding variables, allowing for the control of exercise and
weight attitudes, for example, which previous studies have not been able to do.
Methods
Study sample
This study used data from the Pregnancy, Infection, and Nutrition (PIN) cohort, a prospective
study that examines the risk factors for preterm birth and fetal growth. Women were recruited
from both public and private prenatal clinics at the University of North Carolina Hospital in
Chapel Hill, North Carolina. Potential subjects were identified by study staff through a review
of all medical charts of new prenatal patients. Women who were less than age 16, non-English
speaking, not planning to continue care or deliver at the study site, or carrying multiple
gestations were not eligible to participate. The study staff recruited women at their second
prenatal visit (mean gestation age of 14 weeks) and before 20 weeks gestation. Project staff
explained the study, asked the woman to participate, and if she agreed, a consent form was
signed. Recruitment extended from January 1, 2001 through June 30, 2005, with the weight
gain attitudes and dietary restraint scales being added to the questionnaire on April 24, 2001.
Of the 2006 women recruited, 1773 had information on pregravid height, weight, and weight
gain. Stillbirths (n=13) were excluded from the analysis as well as those recruited prior to April
24, 2001 who did not have information on the restrained eating scale (n=463). There were 74
women in the cohort who were recruited for more than one pregnancy. The most recent
pregnancy was kept in the analysis, except for the cases where more data were available for a
prior pregnancy. The total number of women in our analysis was 1223. The protocols for this
study were approved by the UNC School of Medicine Institutional Review Board.
Gestational weight gain
Prepregnancy weight was self-reported at screening and weight was measured at each
subsequent prenatal visit. Total gestational weight gain was then calculated by subtracting
prepregnancy weight from the weight at the last prenatal visit. The validity of self-reported
weight by pregnant women has been examined previously and has been shown to be good if
collected early in pregnancy and examined for biologically implausible values (16,17). Height
was measured during the 3 month postpartum home visit, which was then used with pregravid
weight to calculate body mass index (BMI). Pregravid weight status was categorized using the
1990 Institute of Medicine (IOM) BMI cut points specific for the pregnancy state (<19.8 kg/
m2 underweight, 19.8 to 26.0 kg/m2 normal weight, >26.0 to 29.0 kg/m2 overweight, and >29.0
kg/m2 obese) (18).
Adequacy of Weight Gain—main outcome
Adequacy of weight gain by pregravid BMI status was calculated as the ratio of the observed
total weight gain over the expected total weight gain up to a woman’s last prenatal visit using
the weight gain recommendations made in the 1990 IOM report (18). To calculate expected
weight gain the following formula was used: expected first trimester total weight gain +
[(gestational age at time of last weight measurement-13 weeks) × rate of weight gain expected
for the second and third trimesters]. The expected total first trimester weight gains were 3.2,
2.2, 1.0, and 0.5 kg and the rates were 0.5, 0.4, 0.3, and 0.23 kg/wk for underweight, normal
weight, overweight, and obese women, respectively (18). These rates adjust for the fact that
not all women have a weight measurement at the time of delivery. Cut points to determine
Mumford et al. Page 3













inadequate and excessive weight gains were based on the IOM BMI-specific recommendations.
For example, it is recommended that underweight women gain between 12.5 and 18.0 kg which
corresponds to an adequacy ratio of 0.75 to 1.10 if the pregnancy is carried to term (40 weeks).
Thus, underweight women who have an adequacy ratio greater than 1.10 were defined as
gaining above the IOM recommendation. This scale has been used previously in the literature
(4,19–21).
Revised Restraint Scale
To assess behaviors associated with restrained eating such as history of dieting, concern about
eating too much food, and weight fluctuations, we used the revised restraint scale (RRS) (22,
23). Each woman in the study completed the RRS with the wording changed, as done by
Conway and colleagues (7), so that it was clear the questions focused on the period prior to
pregnancy, and not on weight changes associated with pregnancy. The RRS consists of 10
questions, each with 4–5 possible responses. Responses to questions regarding dieting
behaviors were based on the Likert Scale (never, rarely, sometimes, often, always; or not at
all, slightly, moderately, very much). Questions regarding weight fluctuations were based on
specific categories of weight loss/gain. An overall score for Restrained Eating was calculated
by summing the scores for all of the questions. Two sub-scales developed by Ruderman (24)
were also used in the analysis. Specifically, the Concern with Dieting subscale was calculated
by summing scores for questions regarding frequency of dieting, lifestyle changes after a
weight fluctuation of 5 lbs, public and private eating behaviors, feelings of guilt after
overeating, consciousness of food choices, and amount of time spent concerned about food.
The Weight Cyclers subscale was calculated by summing scores from questions regarding
typical weight fluctuations in the non-pregnancy state (0–1, 1.1–2, 2.1–3, 3.1–5, 5.1+ lbs),
maximum weight ever lost within one month (0–4, 5–9, 10–14, 15–19, 20+ lbs), maximum
weight gained within one week (0–1, 1.1–2, 2.1–3, 3.1–5, 5.1+ lbs), and the number of pounds
over desired weight at maximum weight (0–1, 2–5, 6–10, 11–20, 21+ lbs). For each scale,
comparisons were made between women with scores above and below the median (7,23).
Potential Confounders
Data on potential confounders were collected via questionnaire, home visit, and medical chart
abstraction. Poverty status was based on family income represented as percent of the poverty
index according to the U.S. Bureau of the Census 1996(25). Variables assessed by
questionnaire include maternal race, marital status, age, mother’s education, work status,
parity, smoking status, and physical activity. The physical activity questionnaire was designed
to capture moderate and vigorous activity during the past week. Metabolic equivalent levels
(METs) were calculated based on the frequency, duration, and intensity of activities women
reported doing during the previous week. This analysis adjusted for work (yes/no) and
recreational activity (METs) during the second trimester.
Attitudes concerning gaining weight during pregnancy were assessed using the pregnancy and
weight gain attitude scale (26). This scale is based on questions regarding concern about gaining
too much weight, how much weight they would be willing to gain, if they enjoy wearing
maternity clothes, embarrassment over being weighted, and how they feel about being
pregnant. A composite score was calculated for each woman with higher scores representing
positive attitudes.
Statistical analysis
Descriptive statistics were computed for all study variables. Chi-square tests were used to test
for associations between demographic characteristics and restrained eating behaviors. Multiple
linear regression was used to model the two outcomes related to weight gain (i.e. total
gestational weight gain and the adequacy of weight gain ratio). Both potential outcomes were
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tested for normality. Normality assumptions were satisfied, and residual diagnostics were
performed to check for validity of model fit and were found to be adequate. Regression models
were fit while controlling for potential confounders; these included BMI, poverty, maternal
race, maternal education, work, physical activity, age, marital status and weight gain attitudes.
Covariates that changed the regression coefficient for restrained eating by more than 10% were
retained in the final multivariable models. Testing for potential effect measure modification
by BMI was conducted by comparing models with and without an interaction term for BMI
and restrained eating. For the models where BMI was found to be an effect modifier,
appropriate stratified analyses are shown. All statistical analyses were carried out using Stata
software (Version 9.0, Release 2005, College Station, Texas). Results are presented as
estimated weight gains or estimated weight gain adequacy ratios for restrained eaters and non-
restrained eaters (as well as dieters, non-dieters, cyclers, and non-cyclers) at mean or reference
levels of the other variables included in the multiple linear regression models (white race, age
29, delivered at term, working during the second trimester, middle income category, some
college education, mean levels of recreational physical activity, and mean levels of weight gain
attitudes).
Results
The cohort consisted of mostly white married women who had at least some college education
and were living above the poverty line. Baseline sociodemographic characteristics (table 1)
differed slightly by how the women are classified with regards to restrained eaters, cyclers, or
dieters. In general, more overweight and obese women tended to be classified as restrained
eaters, cyclers, or dieters. Cyclers had lower education and more women living below the
poverty line. A greater percentage of cyclers were African American. In addition, dieters had
more education, more women living above the poverty line, a greater percentage that were
married, and lower prevalence of smoking during pregnancy. There were also a greater
proportion of white women among the dieters.
The average total weight gain among mothers that carried to term was 15.4 kg (SD 6.0) and
the mean adequacy of weight gain ratio among the entire population was 1.52 (SD 0.84). This
meant that on average the observed weight gain exceeded the expected by 52%. Average total
weight gain, the percentage of women gaining in excess of the IOM recommendations, and the
mean adequacy of weight gain ratio were compared across BMI categories to evaluate
differences in weight change by BMI. The average total weight gain among mothers that carried
to term was 15.5 kg (SD 4.3) for underweight, 16.7 kg (SD 5.2) for normal, 15.6 kg (SD 5.8)
for overweight, and 12.1 kg (SD 7.4) for obese women, respectively. An analysis of variance
(ANOVA) showed a significant association between average total weight gain and BMI
(F=36.9, df 3, 1056, p<0.001). As should be expected, after adjusting for multiple comparisons,
obese women were found to gain significantly less weight during pregnancy than women in
all other BMI groups. The overall percentage of women who gained above the IOM
recommendation was 63%, with 32% of underweight, 63% of normal weight, 85% of
overweight, and 74% of obese women gaining in excess of recommendations (test of
association between adequacy of weight gain and BMI: χ2=161.1, 6 df, p<0.001). The mean
adequacy of weight gain ratio was 0.98 (SD 0.27) for underweight, 1.36 (SD 0.43) for normal,
1.85 (SD 0.67) for overweight, and 1.97 (SD 1.25) for obese women, respectively. There was
a significant association between BMI and the mean adequacy of weight gain ratio (ANOVA:
F=78.2, df 3, 1056, p<0.001). Bonferroni adjusted multiple comparisons showed that all groups
were statistically different from one another, except for overweight and obese women.
Multiple linear regression was used to model the association between the three restrained eating
subscales and weight gain, while controlling for potential confounders. Overall, there was a
positive association between each subscale and total weight gain (table 2), as well as between
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each subscale and the adequacy of weight gain ratio (table 3). On the weight cyclers subscale,
women classified as cyclers gained an average of 2 kg more than non-cyclers (t=4.83, df 1,
p<0.001). There was no effect modification by BMI status with this subscale. However, when
classified as restrained eaters or dieters there was effect modification such that all weight status
women, with the exception of underweight, gained more weight than their respective weight
status groups who were non-restrained eaters or non-dieters (figure 1 displays this relationship
among restrained eaters). Specifically, restrained eaters or dieters in the normal, overweight,
and obese BMI categories gained between 1.6 and 2.8 kg more than non-restrained non-dieters
of similar BMI status. In contrast, underweight women classified as restrained eaters or dieters
gained an average of about 1 kg less than those who were not classified as such, although this
was not statistically significant.
For adequacy of weight gain, cyclers showed higher observed/expected ratios by 0.18 units
(t=3.34, df 1, p=0.001). Among dieters and restrained eaters, there was a differential effect by
BMI. For all BMI categories with the exception of underweight women, dieters and restrained
eaters had higher weight gain adequacy ratios. Underweight women overall were closer to
meeting their recommendations (ratios closer to 1) whereas, obese women had higher ratios
indicating that they had surpassed their recommendation by almost 2 ½ fold. The pattern of
increasing ratio with increasing BMI was evident.
Discussion
We found that restrained eating behaviors were associated with weight gains above the IOM
recommendations. This association held whether women were classified as restrained eaters,
dieters, or weight cyclers. Most importantly though is the fact that the effect of restrained eating
on maternal weight gain varied by BMI status. Restrained eaters and dieters in the normal,
overweight, and obese categories tended to gain in excess of recommendations, whereas
underweight women gained less, when compared to women who did not display restrained
eating behaviors. These results have important implications for both underweight and
overweight and obese women.
For underweight women, being classified as a restrained eater may be indicative of an eating
disorder and warrants further exploration. Underweight women with a history of restrained
eating may also be at risk for adverse pregnancy outcomes (33–38). For overweight and obese
women, restrained eating behaviors may be especially harmful because gaining outside of
recommendations can lead to pregnancy complications as well as greater severity of their
weight status (27–32). Following the weight gain recommendations can be especially difficult.
Specific dietary recommendations for pregnant normal weight women include no increase in
daily caloric consumption during the first trimester, with an addition of 340 to 450 kcal/day
for the second and third trimesters, respectively (39). Currently there are no additional formal
recommendations specifically for obese women. Failure to follow these recommendations
could be due in part to misconceptions about eating for two during pregnancy. In addition, the
availability of high-calorie and high-fat foods, which some have referred to as a “toxic food
environment” (40), makes it increasingly hard for adults to avoid weight gain. It may be even
more difficult during pregnancy to be in this type of environment, when there is less pressure
to restrict intake (41)
This is the first study to examine the restrained eating scale in a large pregnancy cohort which
had the ability to examine the effect of pregravid BMI status. In general, our results are
consistent with the results from Conway et al. (7), Fairburn et al. (6), and Clark and Ogden
(5), which all showed positive relationships between dieting and restrained eating behaviors
and higher weight gains. The use of the RRS in pregnant populations needs further validation
to ensure that the wording of the questions is appropriate for a pregnant population. In addition,
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the amount of weight fluctuations discussed on the RRS may not be appropriate for populations
with an increasing prevalence of obesity. In addition, the use of a more standard cut point to
identify restrained eaters versus non-restrained eaters would be helpful. Identification of a
standard cut point will require additional research comparing the scale against a gold standard.
Previous work has failed to report the median values used as cut points to define restrained
versus non-restrained eaters in their studies, limiting the ability for comparison of the scale
across populations.
There are several limitations worth noting. First, calculations of total weight gain include the
starting point of self reported pregravid weight. It is well understood that underreporting of
pregravid weight leads to higher total weight gains, which could overestimate the observed
effect (42–44). Second, although the study was able to investigate the association of restrained
eating behaviors while controlling for many possible confounders, such as physical activity
during pregnancy and weight gain attitudes, there is still the possibility of residual confounding.
Third, our population consists of mostly white, college educated women living above the
poverty line. In addition, this cohort includes a smaller proportion of women under the age of
20, than would be expected in the general population since only women greater than 16 years
of age were eligible to participate. These characteristics of the study population may limit
generalizability and the applicability of the findings.
Conclusion
In summary, this study found an association between restrained eating and weight gain during
pregnancy. The revised restraint scale could potentially be used by dieticians and health care
providers at a preconception care visit or during family planning to identify women at risk for
unhealthy eating behaviors. Women who are identified, particularly those that are underweight,
should be followed up for potential eating disorders. For women who are not underweight,
counseling and extra support could be given on healthy eating behaviors, increasing physical
activity levels, and ways to eliminate stress which may increase the consumption of foods in
certain social settings or in reaction to life events. During pregnancy it would be useful to target
these women with similar nutritional and physical activity strategies in order to avoid excessive
weight gain and adverse pregnancy outcomes such as gestational diabetes mellitus (GDM)
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Difference in estimated total gestational weight gain between restrained eaters and non-
restrained eaters (kg). Estimates are based on multiple linear regression models adjusted for
BMI, work status, physical activity, and weight gain attitudes.
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